The eVect of cystic fibrosis on caVeine metabolism was studied in young children using the caVeine breath test. Eight children with cystic fibrosis aged 2-6 years and nine age matched controls were studied on a single occasion, and the cumulative percentage of labelled caVeine exhaled as carbon dioxide measured over two hours. This was significantly higher in the patients with cystic fibrosis than in controls, suggesting an increase in the CYP1A2 metabolic pathway in the former. The fact that these were young children with minimal lung and liver disease suggests that enhanced drug metabolism in children with cystic fibrosis is hereditary rather than secondary to lung and liver damage.
Several studies have suggested that there is increased drug metabolism in patients with cystic fibrosis. Adult patients with cystic fibrosis have enhanced N-demethylation and 8-hydroxylation of theophylline. 1 2 These pathways involve two diVerent isozymes of cytochrome P-450. Many of the adolescents and adults studied have chronic lung and liver disease, both of which can aVect drug metabolism. 3 4 We are aware of no studies in young children, probably because of limitations on the number and volume of blood samples that can be collected.
We, and others, have used the caVeine breath test to study both drug interactions and the eVect of disease on drug metabolism. [5] [6] [7] The test involves the use of a non-radioactive stable isotope ( 13 C on the 3-methyl group of caffeine). The caVeine is given orally and undergoes 3-N-demethylation, which is a cytochrome P-450 dependent reaction (CYP1A2). After N-demethylation the labelled methyl group enters the one carbon pool as it is converted to formaldehyde, formate, and bicarbonate, and then exhaled as carbon dioxide. We studied the eVect of cystic fibrosis on caVeine metabolism in children using the caVeine breath test.
Methods

PLAN OF STUDY
The study was approved by the local ethics committee. Informed consent was obtained from the children and their parents before beginning the study. We recruited eight children with cystic fibrosis aged 2-6 years and nine age matched controls, all patients at Alder Hey Children's Hospital, Liverpool. The clinical details of the two groups of patients are given in table 1. The children with cystic fibrosis all had normal liver function tests and relatively normal respiratory function (forced expiratory volume in one second (FEV 1 )/ predicted FEV 1 ) as shown in table 1. The table shows the Northern chest x ray score for the patients with cystic fibrosis. 8 None of the children with cystic fibrosis had evidence of an acute infection, although three (patients 3, 6, and 8) were carriers of Pseudomonas aeruginosa. Six children with cystic fibrosis were homozygous for the common genotype F508, one was homozygous for the G551D genotype, and the genotypes in the eighth were F508/ G551D. All the children with cystic fibrosis were taking daily vitamins, pancreatic enzymes, vitamin E, fluoride, and prophylactic antibiotics (flucloxacillin or cefaclor). All, except patients 2 and 6, were also receiving inhaled steroids and bronchodilators. Drugs in the control group were as follows: C1, cisapride; C2, cisapride and co-amoxiclav; C3, nitrofurantoin; C4, gaviscon; C5, gaviscon, metronidazole, and amoxycillin; C6, cisapride. Patient C9 had not received any anticonvulsant medication before being studied. None of the children with gastro-oesophageal reflux or oesophagitis had evidence of Helicobacter pylori infection.
CAFFEINE BREATH TEST PROCEDURE
All subjects abstained from caVeinated products for 20 hours and fasted for at least four hours before the caVeine breath test. All breath tests started between 0900 and 1000 h. The subjects remained seated for 10 minutes before collecting the first breath sample. They were kept occupied by the research nurse throughout the whole test in order to minimise physical activity which can aVect carbon dioxide production and result in dilution of the labelled carbon dioxide. 9 Labelled caVeine (3 mg/kg) was given dissolved in water and mixed with sugar free squash to disguise its bitter taste. The solution was taken by mouth, followed by a 20 ml water rinse of the container.
Breath samples were collected by getting children to blow into a sample balloon (Alveosampler; Quintron). Samples were collected at −20, −10, −1, 15, 30, 45, 60, 75, 90, 105, and 120 minutes after ingestion of caVeine. Expired air (10 ml) was removed from the balloon and transferred by syringe into a headspace analyser vial (Chromacol) that had been preevacuated. Samples were unaVected by eight ANALYTICAL METHODS 13 C enrichment of breath carbon dioxide was determined by continuous flow isotope ratio mass spectrometry. 10 Breath samples (10 ml) were injected automatically into the gas preparation device (Roboprep-G; Europa Scientific), where they were in turn, dried, resolved from interfering components by gas chromatography, and passed-using helium as carrier-into the electron impact ion source of an isotope ratio mass spectrometer (Tracermass; Europa Scientific). The ion beams m/z 44, m/z 45, and m/z 46 were monitored continuously and used to calculate the partial pressure and 13 C enrichment of carbon dioxide, with reference to a 2% CO 2 /98% N 2 gas supply which had been calibrated against a bicarbonate standard of known 13 C enrichment. Duplicates of each breath sample were analysed.
CALCULATIONS AND STATISTICAL ANALYSIS
The 13 C enrichment of exhaled carbon dioxide was converted from delta units to atom% using the accepted atom fraction of the international bicarbonate standard. 11 13 C enrichment was expressed as atom% 13 C excess, by subtracting the average predose enrichment from each postdose measurement. Cumulative 13 CO 2 output was calculated by averaging the measured 13 C enrichment of the eight breath samples taken during the first two hours following administration of the 13 C-caVeine dose and multiplying this by the average output of CO 2 over this period (assumed to be 24 mmol CO 2 /kg body weight 12 ). This was expressed as a percentage of the caVeine dose.
There was no significant change in CO 2 partial pressure either in breath samples analysed during the breath test for each patient or in the group overall. The mean (SD) CO 2 partial pressure was 3.06(0.52)%.
The reproducibility of the assay derived from the average of 40 replicated breath analyses was 0.00104 atom% 13 C excess. This equates to 1.11% recovery of a typical caVeine dose.
Student's t test was used to compare the two groups. A sample size of 10 patients has a power of 90%, assuming a diVerence of 3 in the mean score (of the percentage dose recovered over two hours) to be significant at the 5% level.
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Results
There was no significant diVerence between the ages of the test and control children. There was a statistically significant diVerence in the percentage of labelled caVeine exhaled as carbon dioxide in young children with cystic fibrosis compared to controls (Student's t test, p < 0.02). The individual findings for each patient are shown in table 1 and are illustrated graphically in fig 1. The percentage of labelled caVeine exhaled as carbon dioxide was significantly greater in the patients with cystic fibrosis. The cumulative carbon dioxide exhaled over a two hour period is dependent on the 3-N-demethylation of caVeine. The higher levels in the patients with cystic fibrosis suggest an increase in their CYP1A2 metabolic pathway.
Discussion
The enhanced metabolism of drugs in patients with cystic fibrosis is well recognised. However, there have been few studies of drug metabolism in young children with mild cystic fibrosis. Our results show that young children with minimal pathophysiological changes in liver and lung function have enhanced metabolism of the pathway involving CYP1A2 enzyme. Changes in liver function or pulmonary disease can aVect drug metabolism, 13 14 but these are more likely to result in impaired clearance, whereas patients with cystic fibrosis often have enhanced clearance of drugs. We have previously studied children with cystic fibrosis using the caVeine breath test 7 and found it to be acceptable to both children and parents. Earlier studies have suggested that the total energy expenditure is increased in children with cystic fibrosis by up to 25%. 15 If this is the case, then the total CO 2 exhaled will be increased. The labelled 13 C tracer would therefore be diluted and the percentage dose recovered would be underestimated. This would make our findings even more significant statistically.
Our results suggest that the increased activity of CYP1A2 enzyme in patients with cystic fibrosis is a genetic eVect rather than secondary to pathophysiological changes in the lungs or liver. This is consistent with a recently published study showing enhanced drug clearance in patients with mild cystic fibrosis. 16 A previous study failed to show an increase in CYP1A2 activity in activity in children with cystic fibrosis 17 but this may have been related to the methods used. The study involved the collection of urine samples for only four hours after the administration of a dose of caVeine and the authors felt that this may have aVected CYP1A2 ratios in some subjects. 17 The advantage of using the caVeine breath test is that no blood or urine samples are needed. This makes it easier for the children involved in the study. Previous studies using the caVeine breath test have shown that a two hour cumulative exhalation of labelled carbon dioxide reflects 3-N-demethylation and that this is the appropriate measurement to use in comparing diVerent studies. 18 Further studies are required to determine whether other enzymes involved in the metabolism of drugs have an enhanced eVect in either young children with cystic fibrosis or children with cystic fibrosis who have mild symptoms only. Cystic fibrosis
